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DYNAMICALLY COMPLING ALIST OF 
SOLUTION DOCUMENTS FOR 

INFORMATION TECHNOLOGY QUERIES 

FIELD OF THE INVENTION 

Embodiments of the invention generally relate to informa 
tion technology, and, more particularly, to solution retrieval. 

BACKGROUND OF THE INVENTION 

Users or customers with queries or problems in connection 
with a product or service can face challenges in attempting to 
obtain a solution to the query or problem in question. In 
existing resolution approaches, users must interact with a 
human representative, who must search through a number of 
databases for a relevant response, before relaying a response 
(if found), back to the user. Based on existing approach work 
flows, inefficiencies are created by the human loop in between 
the users and the Solutions. 

Also, approaches such as frequently asked questions 
(FAQs) mechanisms include the disadvantage of needing to 
compile a list of the answers for the most frequently asked 
questions manually. Such a list, consequently, is likely only 
updated after quite a long period of times. 

SUMMARY OF THE INVENTION 

Principles and embodiments of the invention provide tech 
niques for automated Solution retrieval. An exemplary 
method (which may be computer-implemented) for dynami 
cally compiling a list of one or more solution documents, 
according to one aspect of the invention, can include steps of 
receiving one or more questions, forming one or more of the 
one or more questions into one or more lists, whereinforming 
one or more questions into one or more lists comprises 
expressing each question in a compressed manner using one 
or more sets of one or more keywords, receiving input from a 
Solution database, and using the one or more lists and input 
from a solution database to dynamically compile a list of one 
or more solution documents in connection with the one or 
more questions. 
One or more embodiments of the invention or elements 

thereof can be implemented in the form of a computer product 
including a tangible computer readable storage medium with 
computer usable program code for performing the method 
steps indicated. Furthermore, one or more embodiments of 
the invention or elements thereof can be implemented in the 
form of an apparatus including a memory and at least one 
processor that is coupled to the memory and operative to 
perform exemplary method steps. Yet further, in another 
aspect, one or more embodiments of the invention or elements 
thereof can be implemented in the form of means for carrying 
out one or more of the method steps described herein; the 
means can include (i) hardware module(s), (ii) software mod 
ule(s), or (iii) a combination of hardware and Software mod 
ules; any of (i)-(iii) implement the specific techniques set 
forth herein, and the software modules are stored in a tangible 
computer-readable storage medium (or multiple such media). 

These and other objects, features and advantages of the 
present invention will become apparent from the following 
detailed description of illustrative embodiments thereof, 
which is to be read in connection with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating an existing approach work 
flow at a contact center; 
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2 
FIG. 2 is a diagram illustrating an automated Solution 

retrieval system, according to an embodiment of the present 
invention; 

FIG.3 is a diagram illustrating a sample taxonomy, accord 
ing to an embodiment of the present invention; 

FIG. 4 is a diagram illustrating an automated adaptive 
answering system, according to an embodiment of the present 
invention; 

FIG.5 is a flow diagram illustrating techniques for dynami 
cally compiling a list of one or more solution documents, 
according to an embodiment of the invention; and 

FIG. 6 is a system diagram of an exemplary computer 
system on which at least one embodiment of the invention can 
be implemented. 

DETAILED DESCRIPTION 

Principles of the invention include automated and adaptive 
techniques for dynamically retrieving a given number of 
documents to answer a maximum number of questions asked 
by various users over a period of time. One or more embodi 
ments of the invention include dynamically compilingalist of 
Solution documents, answering a maximum number of ques 
tions to the best possible extent, in response to a set of ques 
tions from different users. Solution documents can be, for 
example, collected and aggregated over a session where the 
number of documents are less than or equal to a pre-specified 
number M. 

Additionally, an information retrieval (IR) based system 
can be used to estimate the quality of the document in 
response to a given question. Questions asked by a greater 
number of users are given priority in terms of including its 
answer document in the final set of M documents. Also, the 
techniques described herein are automated and can be 
adapted based on the kinds of questions that are being asked 
by the users (for example, questions asked in recent times). 
One or more embodiments of the invention, for a given 

constraint in terms of number of Solution documents to be 
shown, and for a given set of questions of any size, include 
maximizing the coverage of the answer documents so that as 
many questions are answered as possible. The techniques 
detailed herein also ensure that more frequently asked ques 
tions are answered, and for each question, attempt to provide 
the best possible answers. Prior documents P(D) can be esti 
mated in an iterative manner from session to session based on 
the kinds of questions that are being asked by the users. 

In one or more embodiments of the invention, a human user 
can simply focus on creating on the answer documents and 
not on additionally answering the questions. Further, the tech 
niques detailed herein can be implemented, by way of 
example, for contact centers, help desks, online tutoring sys 
tems, etc. 

FIG. 1 is a diagram illustrating an existing approach work 
flow at a contact center. By way of illustration, FIG. 1 depicts 
an individual 102 contacting an agent 104, who can access a 
tickets database 106 as well as a solution documents database 
108 in order to solve the individual’s query, which the agent 
can convey to a reporting mechanism 110. 
As depicted by FIG.1. Such a process includes four phases. 

In phase 1 (the contact phase), a user 102 contacts an agent 
104 (for example, over a phone call, through the web, chat, 
mail, online problem reporting, etc.) and reports the problem 
that she is facing. In phase 2 (the logging phase), the agent 
logs details of the user and her problem. Such a record can be 
referred to as a ticket and the corresponding database as a 
ticket database 106. 
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In phase 3 (the solution retrieval phase), the agent queries 
a database, referred to as a solution documents database 108, 
to search for relevant solution documents. A typical Solution 
document can include, for example, a step-by-step procedure 
for resolving the problem faced by the user. Further, in phase 
4 (the response phase), the agent 104 responds to the user (for 
example, via a reporting mechanism 110) with a step-by-step 
procedure for Solving her problem. In existing approaches, 
the agent either uses his previous experience and/or knowl 
edge or refers to an agent facing solution document while 
responding to the user. 

FIG. 2 is a diagram illustrating an automated Solution 
retrieval system, according to an embodiment of the present 
invention. By way of illustration, FIG. 2 depicts questions 
asked by one or more users 202, those questions being used to 
form question lists 204 and 206, which are provided (along 
with input from a solution database 208) to an automated 
adaptive answering system 210, which can provide answer 
lists 212 and 214. 
As described herein, for a query and/or problem posed by 

one or more users, there can exist a set of answer (Solution 
documents) already existing in a database (DB). Further, for 
a question asked by a user, there can be multiple answers with 
varying degrees of satisfaction in which it answers the given 
question, and in some instances, there may not exist any 
answer. A time horizon can be divided into sessions by some 
criterion and for each session, the objective can be to pull a 
fixed given number (which can be specified in the beginning 
of the process) of Solution documents in an automated man 
ner Such that this set of documents answers as many questions 
as possible and to the maximum extent of user satisfaction. 
One or more embodiments of the invention include prepar 

ing a ranked list of solution documents (which can be shown 
to the users) as a list of top questions, a process that can 
include the steps of mining and ranking. In the mining step, 
the ticket logs from ticketing database are mined and statistics 
that Summarize the top questions are prepared. In the ranking 
step, the Summary statistics are utilized to rank a given set of 
Solution documents which can be displayed to the user. 
As detailed herein, a ticket is a collection of multiple fields 

filled by agents. Such fields can include, for example, struc 
tured fields (Category1, Category2, ..., CategoryN) as well 
as unstructured fields (Problem Summary, Problem Detail, 
RootCauseAnalysisSummary, RootCause AnalysisDetail, 
Problem ResolutionSummary, Problem ResolutionDetail). 

Structured fields capture the class of the problem. By way 
of example, contact centers can have a pre-defined taxonomy 
of problems in the form of structured fields. FIG. 3 is a 
diagram illustrating a sample taxonomy, according to an 
embodiment of the present invention. By way of illustration, 
FIG. 3 depicts a problem root category 302, which can be 
broken down into a software sub-category 304 and a hardware 
sub-category 318. The software sub-category 304 includes a 
MS Office branch 306 (which further includes an Excel XP 
line 310 and a Word XP line 312) and an IE 6 branch 308 
(which further includes a configuration line 314 and an instal 
lation line 316). The hardware sub-category 318 includes a 
printer branch 320 (which further includes a driver installa 
tion line 324 and a hardware error line 326) and a wireless 
branch322 (which further includes a configuration line 328). 
As depicted in FIG. 3, category 1 is the highest level clas 

sification of problems in the taxonomy, category 2 is the next 
level of classification in the taxonomy, and so on. For each of 
these structured category fields, there is a pre-defined set of 
values and the category field can be assigned a value only 
from this set. The objective is to select values in such a way 
that the problem gets mapped to the most representative cat 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
egory. The unstructured fields are filled as free text. These 
fields capture details of the user problem, the root cause of the 
problem, and the way in which the problem has been 
resolved. 

In existing approaches, problem categories are usually 
broad and do not always capture information about specific 
user problems. There is often a gap between the actual prob 
lem and the problem category in the corresponding ticket for 
the problem. As such, one or more embodiments of the inven 
tion utilize the unstructured ticket fields in conjunction with 
structured fields while preparing a list of top questions. By 
way of example, the unstructured fields can be utilized to 
extract a set of representative keywords from unstructured 
fields of the tickets in that category. 
The techniques detailed herein include preparing a single 

ranked list by utilizing the posterior probabilities of the solu 
tion documents. One or more embodiments of the invention 
use the Bayesian framework where the notion of posterior 
probability is defined for each solution document. These 
probability numbers capture the importance of the solution 
document as far as its membership to the final list of top 
questions is concerned. Additionally, the techniques 
described herein compute these numbers and leverage them 
to prepare the final ranked list. 

FIG. 4 is a diagram illustrating an automated adaptive 
answering system, according to an embodiment of the present 
invention. By way of illustration, FIG. 4 depicts a question 
402, which is sent to the automated adaptive answering sys 
tem 406, which includes an IR system 408. The IR system 408 
interacts with a solution database 404 and outputs a set of 
relevant answer documents 410. 
The IR system 408 retrieves the answer documents (solu 

tion documents) to the questions asked. As described herein, 
a question is represented by a vector, wherein the vector can 
be a set of keywords, categories, etc. Depending on the type of 
question (represented in terms of the vector), a set of solution 
documents are retrieved by the IR system 408. The IR system 
ranks the documents with certain scores, and these scores are 
used as the probabilities in further analysis, as detailed herein. 
As detailed herein, each question 1 is represented by a 

vector X, Such that the complete set of questions is represented 
as X-X, X, X. . . . , X, including in questions. For every 
question, a set of documents are retrieved (for example, using 
a search engine) such that D'represents the set of documents 
retrieved for question X. Also, consider the set S2=U,D') as 
the universal set of documents for the complete set of ques 
tions X. The task is to determine a subset S c. 92 which best 
answers the set of questions X subject to Slsm, wherein mis 
a predefined number. In other words, one or more embodi 
ments of the invention can display at most m documents such 
that all questions are answered to the maximum extent as 
possible. Further, the techniques described herein obtain the 
optimal set of documents answering all of the questions sat 
isfactorily such that the aggregated “bestness” is maximized. 
As detailed herein, one or more embodiments of the inven 

tion define the notion of overall “bestness” in answering all 
questions and maximize this measure to obtain the optimal 
subset of documents subject to the constraint Slsm. Without 
loss of generality, a user can represent G2={D, D, ..., D., 
where S2 has k documents, and the document index in the 
universal set C2 can be any arbitrary order consistently fol 
lowed. Let P(D,x) represent the posterior probability of 
answering the question Xe X through the document D, e S2. 
One or more embodiments of the invention include obtaining 
a set of documents for a particular question through a search 
engine, and the search engine can provide some score in 0, 1 
for the document for that particular question. Further, the 
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techniques described herein assume that the posterior 
P(D,x) is the same as that score. 

Let n represent the number of times a question X, appears. 
In other words, if a question occurs several times then a user 
can assume the question to be more important than Some other 
question appearing relatively less number of times. Let D 
represent a document set answering the question set X. In that 
case, consider 

p(y | D) P(D) 
PDIs) = 

where P(D) is the prior of the document set D. Assuming the 
questions to be independent of each other and considering 
their respective number of occurrences, a user can consider 

After algebraic manipulation, 

g 

P(DI ) = - is to , 

wherein 

is the total number of times the questions are asked. 
Also, one or more embodiments of the invention include 

determining one S which maximizes P(Six). Since D repre 
sents the collective set of k distinct documents, a user can 
consider 

PDI-Up is)=1-II (1 - P(D;|x)) 

Similarly, for the prior probabilities, a user can expand 

P(D) = 1 - (1 - P.D.). 

A user can also represent S by a vector w=w, li={1,2,...,k} 
such that we {0,1} represents the presence or absence of the 
document D, in the set S. Therefore, one or more embodi 
ments of the invention represent 

and 
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6 
-continued 

P(S) = 1 -(1-w, P(D). 

Representing p, P(D,x) and P, P(D), a user can deter 
mine the objective function (the notion of “bestness) P(SIX) 
as g(w), wherein 

g 
(-II (1-p) 

g(w) = (l - II (1 - w P) 

In one or more embodiments of the invention, assume that 
P, is known for alli and the parameters p, are obtained from 
the search engine scores. Therefore, the problem is to maxi 
mize g(w) Subject to the conditions that 

w; sm 
i 

and 

This is a complex non-convex optimization task in the 
discrete space. A user can also deviate from the discrete space 
and map it onto a continuous space and obtain an iterative 
algorithm for finding out one local optimal S. Note that, in one 
or more embodiments of the invention, various techniques 
can also be obtained for maximizing g(w). Considering was 
a continuous variable, a user can obtain the logarithmic loss 
function as 

1 
E = - w logg(w). 

Since this is in the continuous domain, a user can constrain 
w by Lagrangian as 

By minimizing E, a user can obtain a vector w and rank each 
w, according to its value, and select the top m candidates 
which represent the document Subset S. Expanding E, a user 
can obtain 

((N - DIN of - (1 -P) + f2|wl. 

One or more embodiments of the invention can obtain a 
minimum for E by equating the first derivatives to Zero and 
obtaining w. However, the first derivate of E is a highly 



US 8,983,969 B2 
7 

complex non-linear and it is very difficult to construct a 
closed-form solution for w. Using steepest gradient descent, a 
user can obtain 

where m is a small constant referred to as the learning rate. 10 
Computing the derivative, one or more embodiments of the 
invention obtain the learning rule as 

Pig i 
: 15 Aw: (). rayal - wipi (1 1/N)Y - w; P. wi, 

where 

r = n | N, y = (1 - P(SIA))f PCS X), 
and 2O 

Y = (1 - P(S))f P(S). 

For a large N 

25 

(which is true in most of the cases), 

Pig P. 
Aw; = - - - Y - w;. w; (). royal -w- wr-w 30 

Additionally, in one or more embodiments of the invention, 
a user can choose a small mand update w for the matrix p. 
For some vector w, a user can compute Yandy, for every q 35 
and obtain Aw, for each i, and then update was ww.--AW. 
With the new values of w, a user can re-compute Y and y, 
and follow the same process. Intuitively, the “bestness” will 
always increase if the size of S is increased. However, the 
document priors impose an inherent regularization on the 40 
measure and restrict the number of documents to grow indefi 
nitely. In addition, one or more embodiments of the invention 
impose a regularization measured by the squared norm of w 
Subject to a Lagragian multiplier Such that the number of 
desired documents does not grow indefinitely. 45 

From the learning rule, it can be observed that the first part 
of the right-hand side (RHS) does not contribute to the updat 
ing of w for some question q if P(SIX) becomes unity. In other 
words, if the algorithm finds some subset of documents which 
completely answers a question, then the first part will not 50 
contribute in the updating of the vector w. However, there is 
decay involved in the learning process governed by the sec 
ond (as derived from the document priors) and third terms of 
the RHS. As such, if a question is completely explained by a 
set of documents, then the values of w starts decreasing until 55 
the first term again dictates the requirement for increasing the 
values of w. In this process, the updating of w becomes very 
small when there is a balance between the first term and the 
second and third term together. Once the learning (or updat 
ing w) is stopped, a user can obtain a vector w from which a 60 
user selects the top m entries which represent the desired set 
of documents. Note that, in the updating, a user does not 
restrict w to be in the range 0, 1). Therefore, at every itera 
tion, a user can check each w, and make it Zero if it is less than 
Zero, or make it one if it is greater than unity. 65 

In one or more embodiments of the invention, the prior 
probabilities are considered to be known. The question is how 

8 
to obtain the document priors. In this case (unlike the classi 
fication), the priors need not sum to unity. Also, a user can 
consider the prior probability with respect to the final selec 
tion of the documents because there is no concept of class 
here such that the documents can be exclusively assigned to 
Some class. A user can select the document priors to be 
constant and same for all documents such that every prioris in 
the range 0, 1 and Sum of priors of all documents in the 
document database is m (that is, the number of documents to 
be displayed by the system). There are ways to update the 
document prior overtime as and when the system is used. One 
way to update document prior, for example, includes P. (1- 
e)P+eÖ, where e is a small constant and 6, 1 is the document 
selected in a session among the top m documents. Once the P. 
is updated for the top m documents, the priors are updated and 
they are normalized such that the sum of priors of all docu 
ments in the database becomes equal to m. 

FIG.5 is a flow diagram illustrating techniques for dynami 
cally compiling a list of one or more solution documents, 
according to an embodiment of the present invention. Step 
502 includes receiving one or more questions (for example, 
from one or more users). 

Step 504 includes forming one or more of the one or more 
questions into one or more lists, whereinforming one or more 
questions into one or more lists comprises expressing each 
question in a compressed manner using one or more sets of 
one or more keywords. The keywords can be derived, for 
example, from each question itself and/or a repository of 
keywords. Also, the keywords can include one or more cat 
egorical keywords, wherein categorical keywords are derived 
from matching a given question to a pre-defined taxonomy of 
the questions. Additionally, the keywords can include one or 
more descriptive keywords, wherein descriptive keywords 
are derived from a piece of text of each question itself. 

Step 506 includes receiving input from a solution database. 
Receiving input from a solution database can include receiv 
ing a set of Solution documents for a particular question 
through a search engine. The input can additionally include, 
for example, a list of Solution documents and/or any form of 
information that can be served as answers of the questions. 
Also, the search engine can provide a score (for example, in 
0, 1) for each document for the particular question. 
Step 508 includes using the one or more lists and input 

from a solution database to dynamically compile a list of one 
or more solution documents in connection with the one or 
more questions. 
The techniques depicted in FIG. 5 can also include imple 

menting a time horizon, wherein the time horizon is divided 
into one or more sessions by Some criterion. Also, for each 
session, an objective can include to pull a fixed given number 
(which can be specified in the beginning of the process) of 
Solution documents in an automated manner (for example, 
Such that the fixed given number of documents answer as 
many questions as possible and to the maximum extent of 
user satisfaction). 
One or more embodiments of the invention can addition 

ally include preparing a ranked list of Solution documents as 
a list of top questions, wherein preparing the ranked list can 
include the steps of mining and ranking. The mining step can 
include mining one or more ticket logs from a ticketing data 
base and preparing statistics that Summarize the top ques 
tions. The ranking step can include utilizing the Summary 
statistics to rank a given set of one or more solution docu 
ments to display to a user. 

Further, the techniques depicted in FIG. 5 can include 
preparing a single ranked list by utilizing posterior probabil 
ity numbers of each solution document, wherein the probabil 
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ity numbers capture an importance of each solution document 
as far as its membership to a final list of top questions is 
concerned. 
The techniques depicted in FIG. 5 can also, as described 

herein, be run on a system, wherein the system includes 
distinct software modules, each of the distinct software mod 
ules being embodied on a tangible computer-readable record 
able storage medium. The distinct Software modules can 
include, for example, a solutions database module, an infor 
mation retrieval system module, and an automated adaptive 
answering system module executing on a hardware processor. 

Additionally, the techniques depicted in FIG. 5 can be 
implemented via a computer program product that can 
include computer useable program code that is stored in a 
computer readable storage medium in a data processing sys 
tem, and wherein the computer useable program code was 
downloaded over a network from a remote data processing 
system. Also, in one or more embodiments of the invention, 
the computer program product can include computer useable 
program code that is stored in a computer readable storage 
medium in a server data processing system, and wherein the 
computer useable program code are downloaded over a net 
work to a remote data processing system for use in a computer 
readable storage medium with the remote system. 
A variety of techniques, utilizing dedicated hardware, gen 

eral purpose processors, firmware, Software, or a combination 
of the foregoing may be employed to implement the present 
invention or components thereof. One or more embodiments 
of the invention, or elements thereof, can be implemented in 
the form of a computer product including a computer usable 
medium with computer usable program code for performing 
the method steps indicated. Furthermore, one or more 
embodiments of the invention, or elements thereof, can be 
implemented in the form of an apparatus including a memory 
and at least one processor that is coupled to the memory and 
operative to perform exemplary method steps. 
One or more embodiments can make use of software run 

ning on a general purpose computer or workstation. With 
reference to FIG. 6, Such an implementation might employ, 
for example, a processor 602, a memory 604, and an input/ 
output interface formed, for example, by a display 606 and a 
keyboard 608. The term “processor as used herein is 
intended to include any processing device. Such as, for 
example, one that includes a CPU (central processing unit) 
and/or other forms of processing circuitry. Further, the term 
“processor may refer to more than one individual processor. 
The term “memory” is intended to include memory associ 
ated with a processor or CPU, such as, for example, RAM 
(random access memory), ROM (read only memory), a fixed 
memory device (for example, hard drive), a removable 
memory device (for example, diskette), a flash memory and 
the like. In addition, the phrase “input/output interface' as 
used herein, is intended to include, for example, one or more 
mechanisms for inputting data to the processing unit (for 
example, mouse), and one or more mechanisms for providing 
results associated with the processing unit (for example, 
printer). The processor 602, memory 604, and input/output 
interface such as display 606 and keyboard 608 can be inter 
connected, for example, via bus 610 as part of a data process 
ing unit 612. Suitable interconnections, for example via bus 
610, can also be provided to a network interface 614, such as 
a network card, which can be provided to interface with a 
computer network, and to a media interface 616. Such as a 
diskette or CD-ROM drive, which can be provided to inter 
face with media 618. 

Accordingly, computer Software including instructions or 
code for performing the methodologies of the invention, as 
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10 
described herein, may be stored in one or more of the asso 
ciated memory devices (for example, ROM, fixed or remov 
able memory) and, when ready to be utilized, loaded in part or 
in whole (for example, into RAM) and implemented by a 
CPU. Such software could include, but is not limited to, 
firmware, resident Software, microcode, and the like. 

Furthermore, the invention can take the form of a computer 
program product accessible from a computer-usable or com 
puter-readable medium (for example, media 618) providing 
program code for use by or in connection with a computer or 
any instruction implementation system. For the purposes of 
this description, a computer usable or computer readable 
medium can be any apparatus for use by or in connection with 
the instruction implementation system, apparatus, or device. 
The medium can store program code to implement one or 
more method steps set forth herein. 
The medium can be an electronic, magnetic, optical, elec 

tromagnetic, infrared, or semiconductor system (or apparatus 
or device) or a propagation medium. Examples of a tangible 
computer-readable storage medium include a semiconductor 
or Solid-state memory (for example memory 604), magnetic 
tape, a removable computer diskette (for example media 
618), a random access memory (RAM), a read-only memory 
(ROM), a rigid magnetic disk and an optical disk (but exclude 
a propagation medium). Current examples of optical disks 
include compact disk-read only memory (CD-ROM), com 
pact disk-read/write (CD-R/W) and DVD. 
A data processing system suitable for storing and/or 

executing program code will include at least one processor 
602 coupled directly or indirectly to memory elements 604 
through a system bus 610. The memory elements can include 
local memory employed during actual implementation of the 
program code, bulk storage, and cache memories which pro 
vide temporary storage of at least some program code in order 
to reduce the number of times code must be retrieved from 
bulk storage during implementation. 

Input/output or I/O devices (including but not limited to 
keyboards 608, displays 606, pointing devices, and the like) 
can be coupled to the system either directly (such as via bus 
610) or through intervening I/O controllers (omitted for clar 
ity). 
Network adapters such as network interface 614 may also 

be coupled to the system to enable the data processing system 
to become coupled to other data processing systems or remote 
printers or storage devices through intervening private or 
public networks. Modems, cable modem and Ethernet cards 
are just a few of the currently available types of network 
adapters. 
As used herein, including the claims, a 'server” includes a 

physical data processing system (for example, system 612 as 
shown in FIG. 6) running a server program. It will be under 
stood that such a physical server may or may not include a 
display and keyboard. 
Computer program code for carrying out operations of the 

present invention may be written in any combination of one or 
more programming languages, including an object oriented 
programming language such as Java, Smalltalk, C++ or the 
like and conventional procedural programming languages, 
Such as the “C” programming language or similar program 
ming languages. The program code may execute entirely on 
the user's computer, partly on the users computer, as a stand 
alone software package, partly on the user's computer and 
partly on a remote computer or entirely on the remote com 
puter or server. In the latter scenario, the remote computer 
may be connected to the user's computer through any type of 
network, including a local area network (LAN) or a wide area 
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network (WAN), or the connection may be made to an exter 
nal computer (for example, through the Internet using an 
Internet Service Provider). 

Embodiments of the invention have been described herein 
with reference to flowchart illustrations and/or block dia 
grams of methods, apparatus (systems) and computer pro 
gram products. It will be understood that each block of the 
flowchart illustrations and/or block diagrams, and combina 
tions of blocks in the flowchart illustrations and/or block 
diagrams, can be implemented by computer program instruc 
tions. These computer program instructions may be provided 
to a processor of a general purpose computer, special purpose 
computer, or other programmable data processing apparatus 
to produce a machine, such that the instructions, which 
execute via the processor of the computer or other program 
mable data processing apparatus, create means for imple 
menting the functions/acts specified in the flowchart and/or 
block diagram block or blocks. 

These computer program instructions may also be stored in 
a tangible computer-readable storage medium that can direct 
a computer or other programmable data processing apparatus 
to function in a particular manner, such that the instructions 
stored in the computer-readable medium produce an article of 
manufacture including instruction means which implement 
the function/act specified in the flowchart and/or block dia 
gram block or blocks. The computer program instructions 
may also be loaded onto a computer or other programmable 
data processing apparatus to cause a series of operational 
steps to be performed on the computer or other programmable 
apparatus to produce a computer implemented process Such 
that the instructions which execute on the computer or other 
programmable apparatus provide processes for implement 
ing the functions/acts specified in the flowchart and/or block 
diagram block or blocks. 
The flowchart and block diagrams in the figures illustrate 

the architecture, functionality, and operation of possible 
implementations of systems, methods and computer program 
products according to various embodiments of the present 
invention. In this regard, each block in the flowchart or block 
diagrams may represent a module, segment, or portion of 
code, which comprises one or more executable instructions 
for implementing the specified logical function(s). It should 
also be noted that, in Some alternative implementations, the 
functions noted in the block may occur out of the order noted 
in the figures. For example, two blocks shown in Succession 
may, in fact, be implemented Substantially concurrently, or 
the blocks may sometimes be implemented in the reverse 
order, depending upon the functionality involved. It will also 
be noted that each block of the block diagrams and/or flow 
chart illustration, and combinations of blocks in the block 
diagrams and/or flowchart illustration, can be implemented 
by special purpose hardware-based systems that perform the 
specified functions or acts, or combinations of special pur 
pose hardware and computer instructions. 

Furthermore, it should be noted that any of the methods 
described herein can include an additional step of providing a 
system comprising distinct Software modules embodied on a 
tangible computer readable storage medium; the modules can 
include any or all of the components shown in FIG. 4. The 
method steps can then be carried out using the distinct soft 
ware modules and/or Sub-modules of the system, as described 
above, executing on a hardware processor. Further, a com 
puter program product can include a tangible computer-read 
able storage medium with code adapted to be implemented to 
carry out one or more method steps described herein, includ 
ing the provision of the system with the distinct software 
modules. 
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In any case, it should be understood that the components 

illustrated herein may be implemented in various forms of 
hardware, software, or combinations thereof; for example, 
application specific integrated circuit(s) (ASICS), functional 
circuitry, one or more appropriately programmed general pur 
pose digital computers with associated memory, and the like. 
Given the teachings of the invention provided herein, one of 
ordinary skill in the related art will be able to contemplate 
other implementations of the components of the invention. 
At least one embodiment of the invention may provide one 

or more beneficial effects, such as, for example, providing an 
automated approach that can be adapted based on the kinds of 
questions that are being asked by the users. 

It will be appreciated and should be understood that the 
exemplary embodiments of the invention described above can 
be implemented in a number of different fashions. Given the 
teachings of the invention provided herein, one of ordinary 
skill in the related art will be able to contemplate other imple 
mentations of the invention. Indeed, although illustrative 
embodiments of the present invention have been described 
herein with reference to the accompanying drawings, it is to 
be understood that the invention is not limited to those precise 
embodiments, and that various other changes and modifica 
tions may be made by one skilled in the art. 

What is claimed is: 
1. A method for dynamically compiling a list of one or 

more solution documents, wherein the method comprises: 
collecting multiple questions from multiple different users; 
forming the multiple questions into one or more lists of 

questions, whereinforming the multiple questions into 
one or more lists comprises expressing each question as 
a set of one or more keywords; 

receiving input from a solution database; 
automatically using the one or more lists of questions and 

the input from a solution database to dynamically com 
pile multiple lists of solution documents each consisting 
of less than or equal to a pre-specified number of Solu 
tion documents in connection with the multiple ques 
tions, said compiling based on structured information 
pertaining to the multiple questions and the solution 
database input and on unstructured information com 
prising the one or more sets of one or more keywords, 
wherein each list of Solution documents is dynamically 
compiled to include solution documents corresponding 
to a maximum number of the multiple questions, and 
wherein solution documents corresponding to questions 
asked by a greater number of users are automatically 
prioritized in the list of solution documents; 

ranking the multiple lists of Solution documents based on 
multiple parameters comprising multiple posterior 
probabilities for each list of solution documents and a 
correspondence of the Solution documents to questions 
asked by a greater number of users, wherein each of the 
multiple posterior probabilities, P(DIX), represents a 
probability of answering one of the multiple questions 
through a given list of solution documents and is calcu 
lated as 

| Pa(DIs, 

wherein D represents the given list of solution docu 
ments answering a question set X, n, represents the num 
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ber of times a question X, appears, and N-X.n; and 
updating each of the multiple posterior probabilities 
based on said ranking. 

2. The method of claim 1, wherein the one or more key 
words are derived from at least one of each question itself and 
a repository of keywords. 

3. The method of claim 1, wherein the one or more key 
words comprise one or more categorical keywords, wherein 
categorical keywords are derived from matching a given 
question to a pre-defined taxonomy of the one or more ques 
tions. 

4. The method of claim 1, wherein the one or more key 
words comprise one or more descriptive keywords, wherein 
descriptive keywords are derived from a piece of text of each 
question itself. 

5. The method of claim 1, wherein receiving input from a 
Solution database comprises receiving a set of one or more 
Solution documents for a particular question through a search 
engine. 

6. The method of claim 5, wherein the search engine pro 
vides a score for each document for the particular question. 

7. The method of claim 1, further comprising implement 
ing a time horizon, wherein the time horizon is divided into 
one or more sessions by specified criterion. 

8. The method of claim 7, wherein for each session, an 
objective comprises to pull a fixed given number of Solution 
documents automatically. 

9. The method of claim 1, further comprising preparing a 
ranked list of one or more solution documents as a list of top 
questions, wherein preparing the ranked list comprises steps 
of mining and ranking. 

10. The method of claim9, wherein preparing a ranked list 
of one or more solution documents as a list of top questions 
comprises a mining step, wherein the mining step comprises 
mining one or more ticket logs from a ticketing database and 
preparing statistics that Summarize the top questions. 

11. The method of claim 10, wherein preparing a ranked 
list of one or more solution documents as a list of top ques 
tions comprises a ranking step, wherein the ranking step 
comprises utilizing the Summary statistics to rank a given set 
of one or more solution documents to display to a user. 

12. The method of claim 1, wherein the method is run on a 
system, wherein the system comprises one or more distinct 
software modules, each of the one or more distinct software 
modules being embodied on a tangible computer-readable 
recordable storage medium, and wherein the one or more 
distinct software modules comprise a solutions database 
module, an information retrieval system module, and an auto 
mated adaptive answering system module executing on a 
hardware processor. 

13. A computer program product comprising a tangible 
non-transitory computer readable recordable storage medium 
including computer useable program code for dynamically 
compiling a list of one or more solution documents, the com 
puter program product including: 

computer useable program code for collecting multiple 
questions from multiple different users; 

computer useable program code for forming the multiple 
questions into one or more lists of questions, wherein 
forming the multiple questions into one or more lists 
comprises expressing each question as a set of one or 
more keywords; 

computer useable program code for receiving input from a 
Solution database; 

computer useable program code for automatically using 
the one or more lists of questions and the input from a 
Solution database to dynamically compile multiple lists 
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of solution documents each consisting of less than or 
equal to a pre-specified number of solution documents in 
connection with the multiple questions, said compiling 
based on structured information pertaining to the mul 
tiple questions and the solution database input and on 
unstructured information comprising the one or more 
sets of one or more keywords, wherein each list of solu 
tion documents is dynamically compiled to include solu 
tion documents corresponding to a maximum number of 
the multiple questions, and wherein solution documents 
corresponding to questions asked by a greater number of 
users are automatically prioritized in the list of solution 
documents; 

computer useable program code for ranking the multiple 
lists of Solution documents based on multiple param 
eters comprising multiple posterior probabilities for 
each list of solution documents and a correspondence of 
the Solution documents to questions asked by a greater 
number of users, wherein each of the multiple posterior 
probabilities, P(DIX), represents a probability of answer 
ing one of the multiple questions through a given list of 
Solution documents and is calculated as 

| Pa(DIs, 

wherein D represents the given list of solution docu 
ments answering a question set X, nrepresents the num 
ber of times a question X, appears, and N =Xn, ; and 

computer useable program code for updating each of the 
multiple posterior probabilities based on said ranking. 

14. The computer program product of claim 13, wherein 
the one or more keywords comprise at least one of 

one or more categorical keywords, wherein categorical 
keywords are derived from matching a given question to 
a pre-defined taxonomy of the one or more questions; 
and 

one or more descriptive keywords, wherein descriptive 
keywords are derived from a piece of text of each ques 
tion itself. 

15. The computer program product of claim 13, further 
comprising computer useable program code for preparing a 
ranked list of one or more solution documents as a list of top 
questions, wherein the computer useable program code for 
preparing the ranked list comprises computer useable pro 
gram code for mining and computeruseable program code for 
ranking. 

16. The computer program product of claim 13, wherein 
the computer usable program code comprises one or more 
distinct Software modules, and wherein the one or more dis 
tinct Software modules comprise a solutions database mod 
ule, an information retrieval system module, and an auto 
mated adaptive answering system module executing on a 
hardware processor. 

17. A system for dynamically compiling a list of one or 
more solution documents, comprising: 

a memory; and 
at least one processor coupled to the memory and operative 

tO: 
collect multiple questions from multiple different users; 
form the multiple questions into one or more lists of 

questions, wherein forming the multiple questions 
into one or more lists comprises expressing each 
question as a set of one or more keywords; 
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receive input from a solution database; and 
automatically use the one or more lists of questions and Pa (Dix) 

the input from a solution database to dynamically P(Dlx) = - 
compile multiple lists of Solution documents each P(N-1)(D) 
consisting of less than or equal to a pre-specified 5 
number of solution documents in connection with the wherein D represents the given list of solution docu 
multiple questions, said compiling based on struc- ments answering a question set X, in represents the num 
tured information pertaining to the multiple questions ber of times a question X, appears, and NXn, ; and 

update each of the multiple posterior probabilities based on 
said ranking. 

18. The system of claim 17, wherein the one or more 
keywords comprise at least one of 

one or more categorical keywords, wherein categorical 
keywords are derived from matching a given question to 

and the solution database input and on unstructured to 
information comprising the one or more sets of one or 
more keywords, wherein each list of solution docu 
ments is dynamically compiled to include Solution 
documents corresponding to a maximum number of 
the multiple questions, and wherein Solution docu- 15 a pre-defined taxonomy of the one or more questions; 
ments corresponding to questions asked by a greater and 
number of users are automatically prioritized in the one or more descriptive keywords, wherein descriptive 
list of Solution documents; keywords are derived from a piece of text of each ques 

rank the multiple lists of Solution documents based on tion itself. 
20 19. The system of claim 17, further comprising a tangible 

computer-readable recordable storage medium having one or 
more distinct software modules embodied thereon, the one or 
more distinct software modules comprising a solutions data 
base module, an information retrieval system module, and an 

25 automated adaptive answering system module executing on a 
hardware processor. 

multiple parameters comprising multiple posterior 
probabilities for each list of solution documents and a 
correspondence of the Solution documents to questions 
asked by a greater number of users, wherein each of the 
multiple posterior probabilities, P(DIX), represents a 
probability of answering one of the multiple questions 
through a given list of solution documents and is calcu 
lated as k . . . . 


